, 38 patients in different wards at the A Coruña University Hospital (northwest Spain) were either infected with or colonized by an epidemic, multidrug-resistant (MDR), and extended-spectrum-␤-lactamase (ESBL)-producing strain of Enterobacter cloacae (EbSF), which was susceptible only to carbapenems. Semiautomated repetitive extragenic palindromic sequence-based PCR (rep-PCR) and pulsed-field gel electrophoresis (PFGE) analysis revealed that all of the E. cloacae isolates belonged to the same clone. Cloning and sequencing enabled the detection of the SFO-1 ESBL in the epidemic strain and the description of its genetic environment. The presence of the ampR gene was detected upstream of bla SFO-1 , and two complete sequences of IS26 surrounding ampR and ampA were detected. These IS26 sequences are bordered by complete left and right inverted repeats (IRL and IRR, respectively), which suggested that they were functional. The whole segment flanked by two IS26 copies may be considered a putative large composite transposon. A gene coding for aminoglycoside acetyltransferase (gentamicin resistance gene [aac3]) was found downstream of the 3 IS26. Despite the implementation of strict infection control measures, strain EbSF spread through different areas of the hospital. A case-control study was performed to assess risk factors for EbSF acquisition. A multivariate analysis revealed that the prior administration of ␤-lactam antibiotics, chronic renal failure, tracheostomy, and prior hospitalization were statistically associated with SFO-1-producing E. cloacae acquisition. This study describes for the first time an outbreak in which an SFO-1-producing E. cloacae strain was involved. Note that so far, this ␤-lactamase has previously been isolated in only a single case of E. cloacae infection in Japan.
Antimicrobial resistance is a serious problem that affects patients in hospitals worldwide. The production of extendedspectrum ␤-lactamases (ESBLs) among members of the Enterobacteriaceae has become one of the most difficult clinical problems in relation to therapeutics and epidemiology (35) . ESBLs are plasmid-encoded enzymes that are able to hydrolyze a wide variety of penicillins and cephalosporins (1) . These plasmids often carry genes for resistance to other types of antibiotics and code for multidrug resistance phenotypes for which treatment options are limited.
Enterobacter cloacae is an emerging clinical pathogen (36) that causes mainly nosocomial infections in critical patients. The detection of ESBLs in Enterobacter spp. is a problem for clinical microbiology laboratories because the main mechanism of resistance is the overproduction of the chromosomal AmpC ␤-lactamase (13) , which may be hiding the expression of ESBL. Microbiology laboratories should be aware of the advent of ESBLs in AmpC-producing E. cloacae strains and of their potential clinical importance (31) .
Large outbreaks caused by ESBL-producing Klebsiella pneumoniae and Escherichia coli strains have been described worldwide (3-5, 24, 26, 43, 44) ; however, few outbreaks have been reported to be caused by ESBL-producing E. cloacae strains (14, 15, 20, 27, 29) . To date, only one outbreak has been described in Spain (20) , between July and September 2005, involving seven patients admitted to a cardiothoracic intensive care unit (ICU).
In 2006, a multidrug-resistant (MDR) ESBL-producing E. cloacae strain (EbSF), susceptible only to carbapenems, emerged in the A Coruña University Hospital.
We performed the present study with the aim of analyzing the molecular basis for antibiotic resistance as well as the clinical and molecular epidemiology of ESBL-producing E. cloacae. Furthermore, the risk factors for the acquisition of the epidemic strain and clinical and microbiology factors were also considered.
MATERIALS AND METHODS
Study site, subjects, and variables. This study was conducted at the A Coruña University Hospital, a 1,200-bed tertiary-level hospital serving a population of 516,000 in northwest Spain. Between February 2006 and October 2009, 38 patients were either infected with or colonized by an epidemic strain called EbSF. For every case patient, EbSF was detected in clinical samples that were taken with the objective to diagnose or exclude an infection.
Study variables included the type of sample from which EbSF was isolated, microbiological cultures used for monitoring of patients, and the type of presentation (infection or colonization). Nosocomial acquisition of infection was defined as an infection that occurred Ͼ48 h after admission to the hospital or an infection that occurred Ͻ48 h after admission to the hospital if the patient had been hospitalized within the 30 days before admission (12) . The criteria for infection were defined in accordance with criteria of the Centers for Disease Control and Prevention (8) . Patients who did not meet the criteria for infection were considered to be colonized.
A case-control study was performed to define the risk factors for the acquisition of the ESBL-producing E. cloacae strain. The 24 patients infected with or colonized by EbSF, which had been isolated from clinical samples during 2006 and 2007, were designated cases. The control group included three controls per case patient and per unit. The admission period was at least 2 days and up to 15 days prior to the first isolation of EbSF. The control group consisted of 80 patients, because 3 of the case patients were admitted in two different wards in the previous 15 days of isolation, and in 1 case we could obtain only 2 controls with the inclusion criteria. We did not consider whether the controls had infection criteria, but no ESBL-producing E. cloacae was isolated from any of the control subjects.
A retrospective review of the 24 patients was conducted, and data were recorded. The variables reviewed included demographic characteristics (age and gender), severity of underlying conditions (as indicated by the Charlson comorbidity score [23] ), and underlying diseases (gastrointestinal tract disease, diabetes mellitus, solid tumor, cardiovascular disease, chronic pulmonary disease, chronic renal failure, transplantation, and immunodeficiency). Data for the following extrinsic factors were collected for the 30-day period prior to isolation during hospitalization: prior surgery, hospitalization in an intensive care unit, invasive procedures, prior hospitalization (2 years before), and prior antibiotic therapy (defined as antibiotics given for at least 2 days within the 30 days preceding the isolation of the organism). Antibiotic data were grouped into antimicrobial classes for statistical analysis. All case patients were observed until hospital discharge or death.
Control measures taken. The patients were isolated in single rooms (whenever possible), and standard and contact isolation precautions were strengthened. Contact isolation was stopped when there were three consecutive negative screening cultures (usually rectal swabs and surgical wound cultures if there was one). The screening cultures were performed every 48 h. The roommates were also screened (usually rectal swabs), but these patients were not included in our study, although some of them had positive cultures.
There (10) and the interpretation criteria described previously by Tenover (38) . Salmonella enterica serovar Braenderup and a non-ESBL-producing E. cloacae strain were used as controls.
(ii) DiversiLab microbial typing system. The DiversiLab Enterobacter DNA fingerprinting kit (bioMérieux, France) was used for repetitive extragenic palindromic sequence-based PCR (rep-PCR) amplification of noncoding intergenic repetitive elements in the genomic DNA of 36 E. cloacae strains according to the manufacturer's instructions. The amplicons were analyzed with DiversiLab analysis software (bioMérieux, France) as previously described (39).
E. cloacae ATCC 13847 and two epidemiologically unrelated E. cloacae isolates were included as nonrelated strain controls. The strains were typed in duplicate, with consistent reproducibility.
␤-Lactamase characterization. A preliminary characterization of ␤-lactamases and their genes was performed by isoelectric focusing (IEF) (21) and PCR assays, respectively. PCRs were performed for families of ESBLs commonly isolated in the hospital (CTX-M group 1, CTX-M group 9, and SHV-12). The primers are described in Table 3 . Since no amplicon was obtained, characterization of the ␤-lactamase gene was performed by cloning procedures.
Cloning procedures. Cloning experiments and nucleotide sequencing were done as previously reported (6) .
The plasmidic constructions were sequenced in order to analyze the bla genes and their genetic environments.
The BLAST program at the National Center for Biotechnology Information website (http://www.ncbi.nlm.nih.gov) was used to identify the sequences.
Nucleotide sequence accession number. The nucleotide sequence data for the partial insert of the TG1-pAF2 clone were submitted to the GenBank nucleotide sequence database and assigned accession number FJ848785.
RESULTS
Descriptive clinical study. During the study period, EbSF was isolated from clinical samples from 38 different patients. Some clinical and epidemiological characteristics of the patients are shown in Table 1 . Infection developed in 26 patients (68.4%), most frequently urinary tract infections (54%). At the time of strain isolation, 17 patients were in an intensive care unit (ICU), 12 were in medical wards, and 8 were in surgical wards. The remaining patient was an outpatient who had been hospitalized 9 days earlier in a medical ward. It is remarkable that in all cases the strain was nosocomially acquired.
The isolates were recovered mainly from urine (19 out of 38 patients) and less frequently from other samples ( Table 1) . In some cases, isolates were recovered from Ͼ1 sample from the same patient.
The total mortality was 26% (10 patients), but the deaths were not related directly to infection or colonization by EbSF, or this fact was not reflected in the medical records.
Antimicrobial susceptibility. The isolates were characterized by high levels of resistance to different families of antibiotics, ␤-lactams (with the exception of carbapenems), quinolones, aminoglycosides, and cotrimoxazole (trimethoprim-sulfamethoxazole), according to Clinical and Laboratory Standards Institute (CLSI) guidelines (Table 2 ). In the absence of breakpoints by the CLSI, interpretation for tigecycline (MIC ϭ 2) was performed on the basis of European Committee on Susceptibility (EUCAST) guidelines, and EbSF was categorized as exhibiting intermediate resistance to tigecycline. These results showed that the isolates were MDR. All isolates displayed the same susceptibility pattern. To clarify the mechanism of resistance to ␤-lactams, isolates were tested by Etest ESBL strips (cefotaxime [ Table 2 ). The cefepime MIC decreased in the presence of clavulanic acid, thus suggesting the presence of an ESBL in these bacterial isolates.
Clonal relatedness. Of the 38 isolates involved in the outbreak, 36 were available for molecular analysis by rep-PCR. All isolates were considered genetically similar (similarity coefficient of Ͼ95%); some of the 36 strains (n ϭ 25) were also studied by PFGE, with identical results and closely related isolates appearing within the same cluster. (39) . The results of the genotyping and the phenotype analysis suggested that the 36 E. cloacae isolates studied probably emerged from the same clone by genetic clonal spread, which enabled us to continue the study with only one strain, from case 8 of the outbreak (EbSF).
Characterization of ␤-lactamases. All clinical isolates produced 2 ␤-lactamases, with isoelectric points of 5.4 and 7.3, which were later identified by sequencing and cloning procedures as being TEM-1 and SFO-1, respectively.
EbSF harbored a plasmid with a size ca. of 60 kbp (pAF-1), which was used to transform E. coli strain TG1, obtaining TG1-pAF1, which displayed an ESBL phenotype and resistance to aminoglycosides and tigecycline (Table 2) .
Plasmid pAF-1 was used to clone the ESBL gene. After the selection of transformants, an E. coli TG1 transformant harboring a plasmid with a DNA insert of ca. 24 kbp was obtained (pAF-2), which displayed the same ESBL phenotype. At the end, approximately 10 kbp of the insert was sequenced (Fig. 1) , and an SFO-1 ESBL gene was identified (also named ampA). The sequencing of nucleotides also revealed the presence of the ampR gene upstream of bla SFO-1 . The genetic environment of the bla gene was sequenced, and two sequences of IS26 surrounding ampR and ampA, showing complete right inverted repeat (IRR) and left inverted repeat (IRL) features, were found. The IRs are inverted repeat sequences found to the right and left of some genes that can be targets for the transposition events. The whole segment flanked by two IS26 copies may be considered a putative large composite transposon (9) . Further sequencing revealed the presence of a tniA transposase upstream of the 5Ј IS26 and genes involved in mercury resistance (merA, merD, merE, and urf2). A gene coding for aminoglycoside acetyltransferase (gentamicin resistance gene [aac3]) was found downstream of the 3Ј IS26 (Fig. 1) . PCR assays for all clinical isolates demonstrated the presence of SFO-1 and its genetic environment in the 38 E. cloacae strains, as expected (data not shown).
Risk factors associated with infection or colonization by EbSF (the epidemic ESBL-producing E. cloacae multidrugresistant strain).
A case-control study was conducted to identify the risk factors associated with infection or colonization by the MDR ESBL-producing E. cloacae strain. Twenty-four case patients (patients colonized or infected between 2006 and 2007) were compared with 80 control patients in a retrospective study. The results of the comparison between case and control patients by univariate analysis are shown in Table 4 . Demographic characteristics and comorbidity were compared between case and control patients, and no significant differences were found.
The following factors were associated with infection with or colonization by the epidemic strain: chronic renal failure, the presence of a central venous catheter, urinary catheterization, prior hospitalization, and tracheostomy. Prior administration of ␤-lactam antibiotics and quinolones was also more frequent in the infected/colonized group.
Multivariable analysis revealed that the factors independently associated with EbSF infection or colonization were chronic renal failure (odds ratio [ Table 5) .
DISCUSSION
The present study is the first report of a clonal outbreak of infection caused by an MDR E. cloacae strain carrying the SFO-1 ␤-lactamase. This is also the first report of the SFO-1 ␤-lactamase in Europe, since this ␤-lactamase has been described previously only for a single sample from Japan (22) . This is the first description of an SFO-1-producing E. cloacae strain causing epidemiological problems. Documenting of risk factors and identification of vulnerable patient groups are important parts of the management and control of health careassociated infections. We used a case-control study to identify the risk factors associated with the acquisition of ESBL-producing E. cloacae strains. The multivariate analysis revealed that the prior administration of ␤-lactam antibiotics, tracheostomy, prior hospitalization, and chronic renal failure were statistically associated with SFO-1-producing E. cloacae acquisition. Most of these risk factors were previously described in the literature (17, 19, 28, (40) (41) (42) . For patients with chronic renal failure, urinary tract pathology is increased, so chronic renal failure may indirectly favor urinary tract infection or colonization by EbSF as an important risk factor. The options for treating these patients were extremely limited. The drugs of choice are carbapenems (mainly imipenem), although their overuse is cause for concern (35) . Also, tigecycline has shown good activity against ESBLproducing Enterobacter spp. (16) . However, in this case it cannot be used as an alternative to carbapenems, as EbSF strains showed a tigecycline MIC of 2 g/ml (resistant according to EUCAST criteria).
The detection of the ESBL phenotype with the cefepimeclavulanate ESBL Etest is more sensitive than others used for E. coli and Klebsiella species, because cefepime is a poor substrate for the AmpC ␤-lactamases that are produced by Enterobacter species (18) . It is very important to remember this spe- Cloning procedures showed that the pattern of resistance to ␤-lactams, tigecycline, and aminoglycosides of the EbSF strains was plasmid encoded (Table 2 ). This may facilitate spread by horizontal transmission to other enterobacteria, although this hypothesis has not been tested.
SFO-1 is an infrequently isolated ␤-lactamase, and its genetic environment has never been determined. Interestingly, SFO-1 is flanked by the full insertion element IS26 with both sites (IRR and IRL), which may allow the ␤-lactamase to spread itself as an autonomous transposable element. IS26 is usually associated with antibiotic resistance genes and may be involved in dissemination via several routes, including the translocation of resistance genes located in the chromosome (7, 25) .
The large number of patients involved, 38 patients, was an important factor for the study of the epidemiology of SFO-1-producing E. cloacae, as few reports of E. cloacae causing outbreaks have been reported in the medical literature. The study of clonal relatedness by rep-PCR and PFGE patterns showed that all isolates were genotypically related and probably had originated from the same clone. The PFGE and rep-PCR results and the same antibiotic pattern of multidrug resistance for all E. cloacae isolates provided further evidence for epidemic spread. PFGE is considered the "gold standard" for the typing of medically important bacteria and identification of different clusters or clones (37) . The correlation between PFGE and rep-PCR systems was previously demonstrated for E. coli (33) and other members of the Enterobacteriaceae (11), but a similar study has never been reported for E. cloacae. The advantages and the usefulness of rep-PCR were clearly demonstrated in previous studies (11, 33) .
This work provides some data on the unknown epidemiology of ESBL-producing E. cloacae strains. The epidemiology of this microorganism is very similar to that of K. pneumoniae, since this microorganism is mainly nosocomially acquired (none of the cases were community acquired), and the isolates are usually clonally related (24) .
With regard to the modes of transmission of EbSF strains, the most likely explanation was that they were transmitted from one person to another via the hands of health care personnel. Throughout the study, the presence of colonized patients probably favored the endemic spread of the strain. Many of the patients involved were highly colonized and presented rectal, nasal, and axillary samples that were positive for the epidemic strain (Table 1) . The rates of colonization with ESBL-producing E. cloacae are now increasing significantly, as shown by a study from Chicago between 2000 and 2005 (34) . Clearly, patients colonized with ESBL-producing E. cloacae strains have an increased risk of developing infection.
The presence of EbSF strains was maintained during a long period, and as some cases still appear, the strain may be endemic in the population. It is very important to monitor emerging infection and/or colonization by ESBL-producing E. cloacae strains in all hospitals, to attempt to identify the mechanism of resistance in clinical microbiology laboratories, and to take strict epidemiological control measures from the beginning to avoid endemicity, because the control of endemic ESBL producers is very difficult (2, 30, 32) .
The data presented here confirm that ESBL-producing E. cloacae is emerging as a nosocomial pathogen and demonstrate the epidemic potential of this strain. The emergence of multidrug resistance among nosocomial pathogens such as E. cloacae has important implications for the future ability to treat these infections because of the further limitation of available antibiotic agents.
In summary, an MDR epidemic E. cloacae strain (susceptible only to carbapenems) expressing the unusual SFO-1 ESBL is described for the first time in Europe (Spain) in the context of a hospital outbreak and affecting a large number of patients.
